aBstr act. An integral part of the HERMES project was a comprehensive training and outreach program, designed to engage a wide spectrum of audiences on issues and topics related to the deep-sea environment. Using the latest in Web-based technology alongside more conventional approaches, a series of initiatives and activities resulted in the development of resources aimed at school children, the general public, graduate students, the industrial sector, and policymakers. Innovative and engaging learning tools targeted at specific audiences have opened up the world of deep-sea research, providing essential information and facts in an easily digested format. HERMES has supported over 100 postgraduate students, either through direct financial support or provision of data. The project has also supplied hands-on training aboard research vessels, opportunities for young scientists to work at other partner institutions, and the valuable experience of working within a multi-and interdisciplinary project that aimed to address some of the biggest questions and threats to our deep-sea environment.
A dedicated training and outreach program for a range of age groups, from school children, to university students, to young researchers, to industry employees, was developed to support the HERMES commitment to train future marine scientists from Europe and elsewhere. HERMES designed a series of activities and products to enhance public awareness of ocean margin ecosystems, with special emphasis on the study of ocean margin habitats and the interaction of the biosphere and geosphere.
Central to the success of this project was the identification of various target audiences and their specific needs, developing ambitious but realistic goals, and involving professionals with scientific and pedagogic expertise in the creation of products appropriate for the end user.
MariNe scieNce iN cyBersPace
As a means to reach the broadest audience possible, geographically and demographically, much of the outreach program centered around providing resources to schools via a dedicated Web site (http://www.edu-hermes.org; Figure 1 ). Since its launch in July 2005, the site has received over 100,000 visitors. Although intended to be accessible to all audience levels, the resources presented here are specifically tailored to 11-16 year-old pupils and their teachers, and include class materials, access to interactive self-education modules, profiles of project students working on figure 1. The herMes education and outreach Web site (http://www.edu-hermes.org) provides resources and information for a range of audiences, from school children to herMes postgraduate students. Vikki Gunn (vkg@noc.soton.ac.uk Participation in the herMes research project gave archimediX owners Philipp Möckl and reinhard Munzel the opportunity to add a dynamic aspect to their established field of work. The challenge was to translate abstract facts into pictures and-across the boundaries of scale-to illustrate both very fast developments as well as processes that occur over long time periods. Mud volcanoes and their evolution was chosen as a focus for this particular challenge. communication with herMes scientists formed an essential part of this work-the final product depended on their data and research results. almost automatically, the major part of the work to be done shifted toward the end of the research project, as it is only then that results become available to be rendered into visible form.
There is a need to continually develop new presentation techniques in order to offer onlookers images that can be grasped easily. a good example of this aspect is the presentation of mud volcanoes that, with dimensions of up to 2 km, could not be captured photographically because of their scale and the unfavorable light conditions under water. Thus, a naturalistic image had to be ruled out. a mere graphic rendering, however, would not have done justice to the submarine landscape. hence, archimediX chose a form of presentation that approximates the visual aesthetics of filmed underwater footage, which helps retain the atmospheric character of this unique environment. another task for archimediX was to embed the results into a vivid presentation context that would be both understandable and interesting to a wide range of audiences: the researchers involved in the project, the experts, and the interested public. Based on this approach, the idea of an interactive presentation was developed that would comprise both a collection of Pdf files containing scientific publications as well as a module that invites visitors to intuitively explore the main points of the research work. in a fanciful contraption dubbed the "Mud taxi"-a hybrid of submarine and ufo-the underwater world can be explored in various dimensions. Numerous switches and levers invite visitors to try them out and play. on this platform, research work and results can be presented impressively in an entertaining and light-hearted way. This interactive learning experience is available on dVd. Box 2. Jeroen ingels, universiteit Gent, Belgium i am a fourth-year Phd student in the department of Marine Biology at universiteit Gent, Belgium. i received my master's degree in biology at universiteit Gent, during which i completed a one-year thesis in the field of archaeozoology. however, i was keen to learn more about the marine environment and its mysteries-a world i had already encountered a few times during my biology education. following an Msc in marine and lacustrine sciences, also at universiteit Gent, i was instantly enchanted by the world of meiofauna (benthic animals in the size range of 32-1000 µm) and all its peculiarities, and decided i wanted to learn more on this subject. i was offered the unique opportunity to work on the herMes project as a Phd student; as an enthusiastic and determinately curious novice, i was pleased to become part of the multidisciplinary herMes community.
PuttiNG reaL MariNe scieNce iNto cLassrooMs
The aspects in the herMes work program covered by my research are those dealing with slopes and submarine canyons along the european continental margins. The animals i am specifically interested in are the free-living marine nematodes-microscopic worms living in marine sediments. even very small sediment samples usually contain huge numbers of these tiny creatures. The Marine Biology Lab in Gent is renowned for nematode research and offers good facilities, making it an ideal workplace. of course, before studying the nematodes you have to get your hands on them! That is why an international and multidisciplinary project like herMes provides the ideal platform to participate in deep-sea cruises with the latest surveying and sampling technology onboard, such as roVs, to collect samples. four cruises and many weeks at sea in collaboration with numerous herMes partners enabled me to collect an extensive set of samples from various regions. My research aims are to assess nematode biodiversity in submarine canyons and investigate what drives and maintains this diversity. furthermore, i am investigating the position of nematodes in the deep-sea food web by means of natural observation, and in vitro and in situ experiments. By addition of 13 c-labeled food to the community, we are trying to unravel nematode feeding patterns in submarine canyons and identify ecosystem processes in these environments. The Nazaré canyon is of particular interest to this research because although it has no direct riverine input, it acts as a huge trap for organic material. due to the very high influx of this material, it is possible that the nematode communities in the canyon behave differently from communities in other types of environments.
Working within the herMes project and participating in its many cruises, conferences, and workshops gave me not only the necessary material to conduct my research but also a great deal of life experience and contacts within the marine scientific community. The herMes project strongly supports events where young students are encouraged to get involved in a variety of scientific activities, thus providing training that enhances their future prospects. The complete and direct integration of young scientists into the community is undoubtedly a good thing, not only for the scientific community but also for everyone who benefits from its results and breakthroughs. integrating training into research-a successful aspect of the herMes project-is invaluable because it provides experience and knowledge to the next generation of scientists and creates a transition for those young people who will eventually stand in the shoes of today's experts. Box 3. stefanie Grünke, Max Planck institute for Microbiology, Germany i am a third-year Phd student at the Max Planck institute for Marine Microbiology in Bremen, Germany. My main focus is analyzing the morphological and 16s rrNa gene-based diversity of giant sulfide-oxidizing bacteria at cold seeps along the european margin. cold seeps are sites of active gas, fluid, or mud discharge. They are characterized by emissions of hydrogen sulfide, methane, and hydrocarbon-rich fluids. at many cold seeps, giant mat-forming bacteria, such as the filamentous Beggiatoa and the spherical "sulfur pearl" Thiomargarita, have been observed. These bacteria thrive at the oxic/anoxic sediment interface, where they oxidize the energy-rich substrate sulfide to elemental sulfur by using either oxygen or nitrate. The elemental sulfur is stored inside the cells, and is the reason for the conspicuous white appearance of the sulfide-oxidizing bacteria on the seafloor.
Within the herMes program i had the opportunity to study microbial "hotspots" of mat-forming sulfide oxidizers along the european margin, including the håkon Mosby mud volcano off Norway and the amon mud volcano off egypt. We discovered gigantic Beggiatoa mats covering an area of more than 800 m 2 at the håkon Mosby mud volcano, mainly comprised of filaments with a diameter of less than 20 µm. in contrast, we observed very thin and almost invisible mats of Beggiatoa at the amon mud volcano, with filament diameters > 100 µm. in addition, we also found Thiomargarita sp.-resembling bacteria at the amon mud volcano, making it the third known habitat of these extraordinary organisms worldwide. as a herMes participant, i had the opportunity to take part in the BioNiL and PsarkXXii-1b expeditions and personally collect the samples needed for my diversity study. What i liked most about theses cruises was being able to interact with scientists from all over europe, and being able to exchange ideas and develop concepts and strategies for a comprehensive analysis of cold seeps. This experience was further strengthened during the annual herMes science meetings and workshops where i met many new and young scientists. Learning about the different hotspot ecosystems studied within herMes and the research progress in those areas, as well as understanding the whole concept of science, policy, and social interaction, has been inspiring for me personally and for my future scientific career.
The herMes program and its organizers provided me with everything a young scientist could wish for: the opportunity to learn and understand concepts of various scientific fields, the chance for comprehensive work on exclusive samples, meeting and discussing new ideas with other Phd students and experienced researchers, and just getting to know nice people from all over europe. Box 4. catalina Pascual, university of Barcelona, spain i am from Manacor (Majorca, spain). after completing a master's degree in environmental science, i started my Phd in the marine science research group (Grup de reserca consolidat en Geociències Marines [Grc-GM]) at the university of Barcelona. Within the herMes project, my work focuses on the relationship between sedimentary processes and the biogeochemistry of particulate matter in submarine canyons of the Northwest Mediterranean. i aim to identify the main processes that drive particle fluxes in canyons and on open slopes by studying the sediment's biogeochemical characteristics and their relationship to the amount and quality of particulate organic matter, as it is thought to be an important source of energy for deep basin ecosystems.
By analyzing the main composition of the settled material-organic matter, calcium carbonate, opal, and lithogenic fractions-i hope to identify trends in their spatial and temporal variability and learn how they relate to the processes that drive fluxes. i am also determining the grain size distribution, which provides useful information about the intensity of the physical processes. furthermore, i am analyzing the pigment and amino acid content of the sediment, which indicates organic matter sources, degradation state, and hence its bioavailability for the benthic communities.
during my time with the herMes project i have had the opportunity to work with sediment trap samples recovered from the cap de creus and Lacaze-duthiers submarine canyons during a dense shelf water cascading event (see canals et al., this issue). such energetic events are of special importance because they provide express transport of material to the deep basin. The multifaceted character of herMes has provided me with an invaluable, complete data set for the accurate description of such a powerful event.
herMes has given to me the opportunity to participate in sampling cruises and witness my sampling bottles returning from the seafloor filled with material from the cascading event-the chance to share that moment with fellow researchers was very exciting. The herMes annual science meetings have provided huge motivation-not only due to the vast quantity of exciting new work presented by the various research teams and the friendly relationship among scientists from all over europe, but also through exposure to the socio-economic applications of the project (education and policy), which reinforces the reasons for pursuing a career in research. The herMes project has definitely had a positive influence on my research career by enabling me to closely collaborate with fellow scientists in a european framework.
Box 5. autun Pursur, Jacobs university Bremen, Germany i completed a master's degree in oceanography at the National oceanography centre, southampton (uk) during the first year of the herMes project. soon after that, an interesting herMes Phd position came up at Jacobs university Bremen in Germany, and i took it.
during my three-year Phd i am studying the susceptibility of one of the more unusual european marine organisms to various types of environmental stress. The organism is Lophelia pertusa, a deep-water coral living predominantly at depths in excess of 100 m throughout the european seas. The coral forms complex three-dimensional stony reef structures with growth much like tropical corals. There are indications that these structures produce many habitat niches for other organisms (including commercial fish), and are islands of increased biodiversity in the deep sea. Through advances in surveying technology, an increasing number of these reefs are being discovered. in my work, i am trying to develop novel techniques to monitor perturbations in environmental parameters at reef sites and gauge the likely threat human activity might have on these organisms. The increased abundance of fish stocks in reef regions has made them susceptible to fishery impact, and although direct trawling of reef sites is becoming prohibited at increasing numbers of sites across europe, the potential impact of suspended sediment disturbed by nearby trawls on reef health has not been adequately assessed. another potential threat to reef health is that posed by the offshore oil and gas industry. some of europe's richest and most extensive deep-water reefs are found in regions appealing to this industry, and the potential impact of the waste material from drilling (mainly rock chips) that are routinely discharged at sea may have a negative impact on reef health. one of my objectives is to gauge the actual risk posed by these activities.
Working within the herMes community has been a great help in my development as a research scientist. contacts made with other young scientists at herMes meetings and training workshops have developed into collaborations, often in unexpected directions not related to my initial studies. during my own research, i have also been able to collect geological and various genetic samples to support the work of other herMes community members.
another big advantage has been acquiring useful cruise time and scientific infrastructure through herMes institutes. small institutes like Jacobs university Bremen seldom have access to research vessels or large amounts of equipment, but within the herMes community both have been available to me. Through the herMes project, i have benefited from a cruise aboard rV Polarstern to the arctic (with a dive in the JaGo manned submarine!) and from extensive use of temperature-controlled experimental laboratories at university of Gothenburg, sweden. We have, in turn, made our large seawater equipment testing facilities and large flumes available to other herMes members, which has resulted in fruitful collaborations.
Personal contacts with so many scientists from european institutes at herMes meetings have greatly aided my Phd work, both through access to infrastructure and in development of ideas. 
